Background: Breast cancer is one of the most frequent malignancies and the second leading cause of cancer-related mortality in women. MicroRNAs play a key role in breast cancer development and progression. microRNA(miR)-8084 has been observed an aberrant expression in breast cancer. However, the functions and regulatory axes of miR-8084, particularly in breast cancer, were not entirely clear.
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Background
Breast cancer is one of the most frequent carcinoma and the second leading cause of cancer-related mortality in women, with an estimated 1.5 million new cases per year [1, 2] . The pathological progression of breast cancer is multistage and complicated, consisting of oncogenesis, proliferation, apoptosis, invasion and metastasis [3] .
18-22 nucleotide-length microRNAs (miRNAs) are highly conserved small non-coding RNAs that regulate gene expression at the post-transcriptional level, and they are involved in many signaling pathways [4] . miRNAs induce mRNA degradation or translational repression by binding to seed sequences in the 3′-untranslated regions (3′-UTRs) of their targets [5] . Many studies have reported deregulation of microRNAs expression profiling between tumor cells and cells derived from normal tissues, indicating that miRNAs and potential altered gene may contribute to tumorigenicity in various cancers [6] [7] [8] . Deregulation of microRNAs has been described as a determinant for the initiation and progression of carcinomas, including breast cancer [9] [10] [11] . Many studies have confirmed the key roles of miRNAs in breast cancer. miRNAs have been linked to all stages in breast cancer [12, 13] .
In our previous work, we constructed a pair of breast cancer cell lines with different tumorigenesis and migration ability and the miRNAs profiles of them were detected by microarray assay. miR-8084 is one of the most significant up-regulated miRNAs in the cells with higher ability of tumorigenesis and migration, indicating miR-8084 may function as an oncogene in breast cancer.
miR-8084 is a relatively new recognized miRNA. The functional annotation and the expression pattern of miR-8084 have not been described clearly. So far, there are only two studies which reported the deregulation of miR-8084 expression in osteoporosis [14] and epithelial ovarian tumor [15] respectively. The function of miR-8084 in breast cancer is completely unknown. By analyzing a newly published GEO data, we found that miR-8084 is one of the miRNAs which up-regulated in serum from the source of breast cancer patients [16] . This result is consistent with our pervious data in breast cancer cells. It gave us a clue that miR-8084 may play an important role in tumorigenesis and progression of breast cancer. Due to its detectability in the serum, miR-8084 is expected to be a new diagnosis biomarker for breast cancer.
In this study, we are investigating the function and molecular mechanism of miR-8084 in breast cancer and exploring the practicability of using miR-8084 as a potential diagnostic marker and therapeutic target.
Methods

Cell culture
Human breast cancer cell lines, MDA-MB-231 and BT-549, were purchased from American Type Culture Collection (ATCC). Both cells were cultured in RPMI-1640 Medium (Gibco, USA) with 10% fetal bovine serum (FBS) (Hyclone, USA). Cells were maintained at 37 °C, 5% CO 2 in a humidified incubator.
RNA isolation and qRT-PCR
Total RNA was extracted from tissues using a mirVana ™ miRNA Isolation Kit (Applied Biosystems, Foster City, CA, USA) according to the manufacturer's instructions. Concentrations and purity of the RNA samples were measured by electrophoresis and spectrophotometric methods. The expression level of miR-8084 in tissues was assayed by qRT-PCR and calculated.
Transient transfection
miR-8084 mimics, negative control mimics, miR-8084 inhibitors and inhibitor control were purchased from RiboBio Biotechnology Co. Ltd. (Guangzhou, China). Cells were seeded into cell culture plates 20 h before transfection to ensure 70% cell confluence at the moment of transfection. Transfection of oligonucleotides into breast cancer cells was carried out using Lipofectamine2000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's procedure.
Cell proliferation assay
Triplicates of 1 × 10 3 cells in the 100 μl medium were plated into each well of the 96-well plates. At 24, 48, 72, and 96 h, cell proliferation was assessed by Cell Titer 96 ® Aqueous One Solution Cell Proliferation Assay (Promega, Madison, WI, USA) according to the protocol provided by the manufacturer. Briefly, 20 μl of MTS/ PMS solution was added to each well and incubated for another 1-4 h at 37 °C in a humidified condition of 5% CO 2 . The absorbance at 490 nm was read and recorded using an ELISA plate reader (Model 680, Bio-Rad Laboratories Inc., Hercules, CA, USA).
Wound healing assay
Wound healing assay was used to detect the capacity for cells motility. For scratch wound healing assay, cells were cultured in serum-free medium for 24 h and wounded with pipette tips. Fresh medium was replaced. The wound closing procedure was observed for 24 h and photographs were taken.
Colony formation assay
In plate colony formation assay, cells were resuspended in RPMI 1640 containing 10% FBS and layered onto six-well plates (1 × 10 3 cells/well). The cells were incubated for 2 weeks and stained with crystal violet. Colonies containing 50 cells or more were counted.
Cell migration and invasion assay
Cell migration and invasion assay were performed using transwell chamber (8 μm, 24-well insert; Corning, Lowell, MA, USA). In migration assay, Cells (3 × 10 4 ) in serumfree medium were added to the upper chamber, and medium containing 10% FBS were added to the lower. Cells were then incubated for 24 h. For invasion assay, diluted Matrigel (BD Biosciences) was used to coat the insert chambers' membrane. Cells were cultured for 48 h under the same conditions. Finally, cells that migrated or invaded into the lower chambers were fixed with methanol, stained with crystal violet and counted in six random fields.
In vivo xenotransplanted tumor model
SPF grade female BALB/c nude mice were purchased from Institute of Zoology, Chinese Academy of Sciences. BT-549 cells with stable overexpression of miR-8084 were obtained by leti-virus infection and subsequent puromycin selection. BT-549 cells with or without miR-8084 overexpression were resuspended in PBS and subcutaneously injected into 4-week-old female nude mice, respectively (5 × 10 6 cells/0.2 ml PBS per mouse, 5 mice in each group). The length (L) and width (W) of each formed tumor were measured every 5 days with calipers, and the volume was calculated using the formula: (W + L)/2 × W×L × 0.5236. The mice were euthanized 35 days after the injection, and the tumors were weighed.
Luciferase reporter activity assay
The 293T cells were cultured in 24-well plates and transfected with 0.2 μg luciferase reporter plasmid pmir-GLO (Promega, Madison, WI, USA) containing either wide-type or mutant 3′UTR of ING2, together with 1 μg oligonucleotides. Transfection was performed using Lipofectamine2000 reagent (Invitrogen). Relative luciferase activity was calculated 36 h post-transfection by the Dual Luciferase Reporter Assay (Promega).
Statistical analysis
The difference between two groups were analyzed using Student t test. All statistical analyses were performed using the SPSS 17.0 software (SPSS Inc, Chicago, IL, USA), and P < 0.05 was considered as significant.
Results
miR-8084 is up-regulated in breast cancer
In our previous work, we found that miR-8084 was upregulated in breast cancer cell line with higher ability of proliferation and migration. Furthermore, we compared the levels of miR-8084 in serum of breast cancer and that of non-cancer samples using data from GEO (GSE73002), which including 1280 cases of breast cancer and 2686 cases of non-cancer control. As shown in Fig. 1a , miR-8084 level in breast cancer is significantly higher than that in non-cancer samples (**P < 0.01).
We next examined the expression levels of miR-8084 in 42 pairs of breast cancer tissues and matched adjacent normal tissues by qRT-PCR. The results suggested that increasing of miR-8084 was a frequent event in breast cancer, approximately 79% (33/42 samples, Fig. 1b) , and the average relative expression level of miR-8084 was significantly up-regulated in tumor tissues compared to the non-tumor tissues (Fig. 1c , **P < 0.01).
miR-8084 promotes clonogenicity of breast cancer cells in vitro
Considering that miR-8084 is significantly up-regulated in breast cancer, it may function as an oncogene. However, the functions and molecular mechanisms have not been investigated. Clonogenicity is one of the basic aspects of tumorigenicity, therefore we tested whether deregulation of miR-8084 in breast cancer cells could affect cell clonogenicity. First, we examined the expression level of miR-8084 in different breast cancer cell lines, and chose MDA-MB-231 and BT-549 cells which contain relatively high-and low-level of miR-8084 respectively to do the following experiments. The plate colony formation assay was performed after miR-8084 mimics or anti-sense inhibitor and the corresponding negative control oligonucleotides were transfected into breast cancer cells (BT-549 or MDA-MB-231) respectively. The results showed that the number of colonies from breast cancer cells transfected with miR-8084 mimics was significantly much more than that from the control group (BT-549 miR-8084 versus BT-549 NC mimics , *P < 0.05; ( , P < 0.05, Fig. 1e, g ). These findings indicate that miR-8084 promotes colony forming ability of breast cancer cells.
miR-8084 promotes migration and invasion of breast cancer cells in vitro
In order to further assess the influence of miR-8084 on breast cancer cells, we investigated its effects on cell migration and invasion, a characteristic ability of tumor progression and metastasis. Movement ability is the basic property of migration and invasion. The horizontal cellular movement ability of breast cancer cells was assessed by wound healing assay. As shown in Fig. 2 , miR-8084 ectopic-expression cell line BT-549 miR-8084 sealed the wound more efficient than the control BT-549 NC mimics cell line (Fig. 2a, b) . In contrast, the MDA-MB-231 miR-8084 inhibitor cells sealed the scratch wounds more slowly than that of the control MDA-MB-231 NC inhibitor cell line (Fig. 2c, d ). We then used transwell assay to evaluate the effects of miR-8084 on vertical cellular migration and invasion. The results showed that ectopic expression of miR-8084 led to the migratory and invasive ability of breast cancer cells enhanced significantly and vice verse CT values. c Relative expression of miR-8084 in breast cancer tissues compared with normal tissues. Data is shown as Mean ± SEM (**P < 0.01). d The effect of miR-8084 on clonogenicity was evaluated by the plate colony formation assay. BT-549 cells were transfected with miR-8084 mimics or control, seeded onto six-well plates. The number of colonies was counted on the 14th day after seeding. e MDA-MB-231 cells were transfected with miR-8084 inhibitor or control then seeded onto six-well plates. The number of colonies was counted on the 14th day after seeding. f, g Colonies containing 50 or more cells were counted. Results are means of three independent experiments ± SD (*P < 0.05) (See figure on next page.) inhibitor cells on the membrane (magnification, ×100). i, j Average number of migratory or invasive MDA-MB-231 NC or MDA-MB231 miR-8084 inhibitor cells (*P < 0.05, **P < 0.01). The data represent the mean ± SD Gao et al. J Transl Med (2018) 16:38 as shown in Fig. 2e , h. The number of migratory BT-549 cells transfected with miR-8084 mimics was significantly more than the control group, whereas the number of MDA-MB-231 cells transfected with miR-8084 inhibitor was less than the control group (**P < 0.01, Fig. 2f,  i) ; the results of invasive ability performance groups are also consistent. (*P < 0.05, **P < 0.01, Fig. 2g, j) . Our data clued that miR-8084 is an important participant in the migration and invasion ability of breast cancer cells.
miR-8084 contributes to tumorigenicity of breast cancer cells in vivo
We proceeded to validate whether ectopic expression of miR-8084 could affect the tumorigenicity of breast cancer cells in vivo. To explore the contribution of miR-8084 in vivo, mouse xenograft models were carried out. BT-549 cells with or without ectopic expression of miR-8084 were injected subcutaneously into female nude mice, and the tumor formation was monitored. Consistent with the results from in vitro experiments, the tumor grew progressively in the miR-8084 ectopic expression group compared to the control group (Fig. 3a-c) . The diameters of the tumors were measured and the volumes were calculated every 5 days. These mice were euthanized 35 days after the injection, and the tumors were weighed (Fig. 3d, e) . Obviously, the tumor volumes and weights of the BT-549 miR-8084 group were significantly higher than data of the control group. Thus, these results indicate that miR-8084 could promote tumorigenesis of breast cancer cells in vivo.
miR-8084 targets the 3′-UTR of ING2
To identify the potential target of miR-8084, computational prediction was performed using bioinformatics tools (e.g. TargetScan and miRDB) [17, 18] . Among all the hits, ING2 (inhibitor of growth family member 2) caught our attention (Fig. 4a) . (Fig. 4b) . The relative luciferase activity of the ING2-3′UTR
wt reporter was significantly suppressed by miR-8084 mimics compared to the NC mimics; however, once the seed sequence for miR-8084 was mutated, this inhibitory effect was disappeared (Fig. 4c) . We further confirmed miR-8084 mimics could decrease the protein level of ING2, while inhibitors for miR-8084 could elevate the protein level of ING2 (Fig. 5a) . These results strongly indicate that 3′UTR of ING2 carries the direct binding seed of miR-8084, and miR-8084 might target ING2 and function as an oncogene.
When we analyzed the copy number alteration and mutation of ING2 in different kinds of cancer using data from TCGA (http://cbiop ortal .org), we found the most frequent gene alteration for ING2 is deep deletion (Fig. 4d) , which is consistent with the function as a tumor 
miR-8084 enhances the proliferation of breast cancer cells by activating ERK1/2 and AKT
ING2 has been reported to participate in the regulation of genes involved in cell proliferation, cell cycle and apoptosis (Fig. 4g) . As a potential regulator of ING2, it is reasoned that ectopic expression of miR-8084 could induce changes of biological phenotypes by reducing ING2 expression in breast cancer. Given the reported inhibitory effect of ING2 on cell proliferation, we hypothesized that miR-8084 may promote cell proliferation via the related signaling pathways. To verify this, proliferation of breast cancer cells was monitored after transfected with miR-8084 mimics or inhibitors. The results showed that miR-8084 mimics could promote proliferation of BT-549 cells, while miR-8084 inhibitors could suppress that of MDA-MB-231 cells (Fig. 5c, d ). ERK1/2 and AKT were activated by miR-8084 mimics; protein levels of proliferation related markers Ki-67 and proliferating cell nuclear antigen (PCNA) were elevated by miR-8084 mimics. Conversely, inhibitors for miR-8084 suppress the activation of ERK1/2 and AKT, as well as the expression of Ki-67 and PCNA (Fig. 5b) . Thus the data provided evidence that miR-8084 promotes proliferation by activating ERK1/2 and AKT, which is due to suppression of ING2, at least partially.
miR-8084 induces epithelial-to-mesenchymal transition of breast cancer cells
Since epithelial to mesenchymal transition (EMT) confers metastatic potential of cancer cells [32] , we postulated that miR-8084 might enhance migration and invasion by inducing EMT of breast cancer cells. To prove this postulation, breast cancer cells were transfected with either miR-8084 mimics or miR-8084 inhibitor, and the expression of the epithelial cell marker E-cadherin and the mesenchymal cell markers N-cadherin, vimentin and snail was analyzed. As shown in Fig. 5e , miR-8084 mimics induced an EMT-like morphology of BT549 cells, which exhibited a spindle-like and fibroblastic appearance; and the expression of mesenchymal markers was up-regulated and the expression of epithelial cell marker was down-regulated (Fig. 5g) . In contrast, miR-8084 inhibitors inhibited EMT of MDA-MB-231 cells according to morphological change of cells (Fig. 5f ) and protein levels of mesenchymal markers (Fig. 5g) .
miR-8084 inhibits apoptosis by decreasing p53-BAX related pathway
Anti-apoptotic ability is an important characteristic of tumor cells. Previous study reported that ING2 induced apoptosis via p53 related pathway [19] . As a negative regulator for ING2, miR-8084 might hold an opposite effect to ING2 on apoptosis. We then analyzed the role of miR-8084 in serum starvation-induced apoptosis by flow cytometry. The results indicated that the apoptotic rate was significantly decreased in miR-8084 mimics transfected BT-549 cells compared to the control cells (**P < 0.01; Fig. 6a, b) . Consistently, inhibition of miR-8084 enhanced apoptosis of MDA-MB-231 cells (**P < 0.01; Fig. 6d, e) . Considering that ING2 can inhibit apoptosis by regulating p53 and BAX, we tested whether miR-8084 could influence the expression level of these apoptosis-related genes. As shown in Fig. 6c , f, ectopic expression of miR-8084 inhibited the expression levels of BAX and p53, as well as the expression and activation of PARP-1, in contrast, inhibition of miR-8084 enhanced the levels or activation of those proteins. These results indicated that miR-8084 could inhibit apoptosis in The results are means of three independent experiments ± SD (*P < 0.05). d The Cancer Gemone Atlas online database was queried using cBioportal to analysis ING2 gene alteration in human cancers. e The survival curves was performed by KaplanMeier plotter (http://kmplo t.com/analy sis/; probe ID: 213544_at). Totally, 3951 patients were included, 1977 cases were in ING2 low-expression cohort, and 1974 cases were in ING2 high-expression cohort. The median survival for ING2 high-expression cohort is 228.85 months, and 185.16 months for ING2 low-expression cohort. f Survival analysis for breast cancer using data from TCGA. 1091 patients were included, 546 cases were in ING2 low-expression cohort, and 545 cases were in ING2 high-expression cohort. The median survival for ING2 high-expression cohort is 129.6 months, and 120.53 months for ING2 low-expression cohort. 449 and 478 cases are censored in ING2 low-expression and high-expression cohort respectively. g ING2 participates in the regulation of genes involved in cell proliferation, cell cycle, and apoptosis Gao et al. J Transl Med (2018) 16:38 breast cancer cells, at least partly by regulating p53-BAX pathway.
Discussion
Recent years, an increasing number of evidences have supported that miRNAs hold very important roles in many biological process, it would never be considered to be "Junk" as at the initial stage [20] . In the oncology research, miRNAs widely participate in tumorigenesis and progression of all kinds of tumors. Due to the detectability in serum, miRNAs can be used as diagnostic and prognostic biomarkers for cancers. miR-8084 is a novel recognized miRNA with few studies reported its function in disease. Here, we investigate the role of miR-8084 in breast cancer for the first time. We found miR-8084 is significantly up-regulated in both serum and tissue samples from source of breast cancer patients. This result supported that miR-8084 is expected to be a novel diagnostic marker for breast cancer. However, further large-sample investigation is needed to verify this result. miRNAs promoting oncogenesis, progression and metastasis are classified as "oncomiRs" [21] [22] [23] . OncomiRs performed their oncogenic activity by suppressing expression of tumor suppressor genes through either decreasing translation or increasing degradation of targeted mRNA [24, 25] . Our results indicate miR-8084 functions as an oncomiR which is able to suppress apoptosis and promote cell growth, cell migration and invasion in breast cancer; and the target gene for miR-8084 to carry out its pro-tumor function is ING2, which is the first reported potential target of miR-8084.
ING2, a member of the ING protein family, contains a highly conserved plant homeodomain (PHD) and nuclear localization sequences (NLS) [26, 27] . It has been considered as a tumor suppressor gene. Expression of ING2 is decreased in several kinds of cancer including lung cancer [28, 29] , hepatocellular carcinoma [29] and breast cancer [30] . ING2 can bind to the histone H3 trimethylated at lysine4 (H3K4me3), indicating that it has potential ability of transcriptional transactivation [31] [32] [33] . ING2 participates in the regulation of genes in several signal pathways, including p53-BAX, TGF-β, and PCNA. As a negative regulator of ING2, miR-8084 could be involved in the aforementioned signaling pathways through targeting ING2.
Proliferation is a key property of cancers, which is widely estimated by the assessment of factors like PCNA or Ki-67. PCNA, a nuclear protein, is essential for DNA replication and repair. Inhibition of PCNA could reduce AKT phosphorylation [34] . AKT, an oncogenic protein, promotes proliferation and reduces apoptosis in breast cancer [35] . The activation of AKT/ERK signaling is a key sign of promotion of proliferation, which is evaluated by their phosphorylated form. ING2 interacts with PCNA through its NCR domain, regulating its post-translational modification and DNA replication [36, 37] . ING2 could regulate AKT/ERK signals via PCNA. Our results showed that miR-8084 could enhance the proliferation by increasing the expression of PCNA and Ki-67, and activating ERK1/2 and AKT. EMT is a critical event in progression of cancer metastasis, particularly during migration and invasion when malignant tumor cells migrate to distant organs to form metastases [7, 38] EMT is characterized by decreasing of epithelial differentiation markers including E-cadherin and increasing of mesenchymal markers such as N-cadherin and vimentin. miRNAs have been shown to be crucial for EMT in the breast cancer, such as miR-200 family members [39] . TGF-β is a principal cytokine inducing EMT in breast cancer [40] . Futhermore, the potential target of miR-8084, ING2, mediates transforming growth factor-β (TGF-β) signaling [41] . Here, our results reveal that miR-8084 could promote EMT-associated migration in breast cancer; and ING2 may be a key mediator of this process.
Malignant carcinoma usually possesses the ability to avoid apoptosis, which leads to tumorigenesis and therapeutic resistance. p53 is the most important determinant of apoptosis. p53 mediates the transcriptional activation of pro-apoptotic protein such as BAX [42] . Previous study reported that ING2 deficiency induced both p53-dependent and independent apoptosis [43] . In addition, ING2 could negatively regulate cell proliferation by activating p53 [44] . Our results indicate that miR-8084 could inhibit apoptosis in breast cancer cells by suppressing p53-BAX pathway.
In this work we endeavor to elucidate the role of miR-8084 in breast cancer. All these findings suggest: miR-8084 is significantly elevated in both serum and malignant tissues from the source of breast cancer patients. It functions as an oncogene that is able to suppress apoptosis and promote cell growth, cell migration and invasion, and tumorgenicity in breast cancer. The tumor suppressor ING2 is the first confirmed target of miR-8084, and miR-8084 contributes to pro-tumor effect, at least partially, through regulating ING2 (Fig. 7 ).
Conclusion
Our current work is the first attempt to evaluate the protumor effects of miR-8084 in breast cancer. The results strongly suggest that miR-8084 functions as an oncogene that promotes the development and progression of breast cancer and miR-8084 is a potential new diagnostic marker and therapeutic target of breast cancer.
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